In the enteric nervous system, there exist a lot of local intrinsic neurons which control the gastrointestinal functions. Culture of enteric neurons provides a good model system for physiological, electrophysiological, and pharmacological studies. Here, we describe two methods to obtain suffi cient enteric neurons from mouse myenteric plexuses by directly culturing primary neurons or inducing neuronal differentiation of enteric neural stem/progenitor cells.
Introduction
The enteric nervous system, also called "the second brain," is embedded within the wall of gut, which control the complex functions of gastrointestinal tract such as peristalsis, blood fl ow, and secretion [ 1 -3 ] . The enteric nervous system consists of at least two major ganglionated plexuses, the myenteric plexus between the circular and longitudinal muscle layers and the submucosal plexus between the circular muscle and mucosal layers [ 2 , 3 ] . The cell bodies of enteric neurons are surrounded and protected by enteric glial cells [ 4 ] . Enteric neurons from different plexuses have different functions and many subtypes of enteric neurons exist in the plexuses [ 5 -7 ] .
There are some diffi culties in isolating and culturing enteric neurons in contrast to brain neurons: food debris, bacteria, and fungi in the lumen of the gut; mixed cell types in the tissue or plexus preparation; long network between various plexuses; and anatomically diffuse distribution of plexuses embedded into smooth muscle layers and mucosa layers. Most early studies used guinea pig for enteric neuronal culture due to relatively easy isolation of the loose and large plexuses [ 8 -10 ] . Also, culture of enteric neurons in rat and human has been established [ 9 , 11 -13 ] .
Recently, successful culture of mouse enteric neurons has been reported [ 14 , 15 ] . The mouse model attracts wide attention because of the versatility in inbred and genetically engineered strains and the economic cost. In this chapter, we describe a unique isolation of mouse myenteric plexuses, the primary culture of mouse enteric neurons as well as the culture and neuronal differentiation of enteric neural stem/progenitor cells. 
Methods
(The whole procedure is done on ice, see Note 2 )
1. Immediately prior to the experiment, euthanize the adult mouse using CO 2 .
2. Dissect out the whole small intestine (usually from duodenum to ileum or the regions of interest), and put into 10 cm petri dish fi lled with ice-cold HBSS (Ca 2+ and Mg 2+ free) solution.
3. Carefully remove mesenteries, fat tissue, and gut-associated organs free from the gut wall.
4. Flush the stool from ileum to duodenum three times using 10 ml syringe connected with a polyethylene tube.
5.
Wash the gut with HBSS three times and transfer into a new sterile petri dish containing HBSS solution.
6. Cut the gut into 8 cm long pieces and use the scissors to open the lumen.
7. Transfer one piece into agar plate ( see Note 1 ). Use forceps to unfold the gut with the lumen upward for SM/MP dissection. At one end of the gut, use one forceps to hold the gut and the other one to scratch off the mucosa layer followed by submucosa layer carefully under the stereomicroscope to make a window. When the submucosa layers are separated from SM/MP layers, use one forceps to hold the SM/MP layers and the other forceps to peel off the submucosa and mucosa layer ( see Note 3 ).
8. Transfer the dissected SM/MP strips into new sterile petri dish containing HBSS.
9. Use the fi ne scissors to cut the layers/MP strips into about 1 cm long pieces and transfer all of them into 15 ml tube.
Isolation of Smooth Muscle/ Myenteric Plexus (SM/MP) Strips from Mouse Gut
1. Centrifuge the collected tissues (200 × g , 5 min at 4 °C) and aspirate the solution, add 3 ml prewarmed (37 °C) collagenase digestion medium to resuspend the tissue and incubate in 37 °C water bath shaker (40 rpm) for 15 min ( see Note 4 ). For every 5 min, take the 15 ml tube out and invert several times to resuspend the tissues.
2. Release the smooth muscle cells from the myenteric plexuses ( see Note 5 ): Spin down the dissociated tissue (200 × g , 5 min at 4 °C) and aspirate the solution. Add 2 ml HBSS and use a cut-off P1000 pipette tip to transfer the pellet into a 10 cm petri dish containing 10 ml HBSS. Shake softly (15 rpm) for 10 min at room temperature. Use the sterile forceps to transfer the tissues into a new 10 ml petri dish containing 10 ml HBSS and shake 10 min at room temperature.
3. Transfer all the tissues into 15 ml tube with 1 ml of Trypsin digestion medium, and incubate in 37 °C water bath shaker (40 rpm) for 10 min.
4. Add 2 ml digestion neutralizing medium into the tube and spin down at 200 × g , 5 min, 4 °C. Aspirate the solution, add 1 ml digestion neutralizing medium and triturate vigorously using a P1000 pipette until no visible tissue clumps remain.
5.
Add the HBSS solution to 10 ml, spin down the cells (200 × g , 5 min at 4 °C), and resuspend the cells using 1 ml digestion neutralizing medium.
6. Count the cell number using standard Trypan blue staining and hemocytometry. -Wash the coated wells once with HBSS, and add half volume of the culture medium immediately (the other half will be added together with the cells). Do not let the dish or plate dry after coating.
Enzymatic Dissociation of SM/MP Tissues

Culture of Primary Enteric Neurons
2. Seed the dissociated cells into Matrigel-coated dish or plate at the density of 1 × 10 5 /cm 2 with enteric neuronal culture medium, and culture at 37 °C with 5 % CO 2 , change medium every day.
3. The morphological changes of the cultured cells are observed daily under phase-contrast microscope. After 1-2 days in culture, enteric neurons attach to the coated surface and develop long processes. After 5-7 days in culture, some neurons attempt to form ganglion-like plexuses over a layer of the fl atter, wider glial cells (Fig. 1a ). Immunocytochemical staining using neuronal marker Tuj-1 (β tubulin III) validates the success of enteric neuronal culture (Fig. 1b ).
1. Primary neurosphere culture of enteric stem/progenitor cells. Seed the dissociated cells with the enteric neural stem/progenitor cell proliferation medium at the density of 1 × 10 5 /cm 2 in 60 mm sterile petri dish without any coating (5 ml culture medium per dish), and culture at 37 °C with 5 % CO 2 . After 6-7 days in culture, the enteric neurosphere will be ready for passage ( Fig. 2a ) . Around 1,500-2,000 enteric neurospheres per adult mouse can be obtained.
Dissociation of enteric neurospheres into single cells.
-Warm enteric neural stem/progenitor cell proliferation medium to 37 °C. Collect primary neurospheres to 15 ml tube, and spin down the neurospheres by centrifuge at 400 rpm (90 × g ) for 1 min.
-Aspirate the supernatant and add the Accutase solution to resuspend the neurospheres. Incubate at 37 °C for 15 min. Here is one example for neurospheres cultured in a 60-mm dish using 0.8 ml Accutase solution. Alternatively, the collagenase IV at fi nal concentration of 1 mg/ml also works fi ne.
Culture and Differentiation of Enteric Neural Stem/ Progenitor Cells ( See Note 7 )
-Add 2× volumes of DMEM/F12 medium to 15 ml tube to dilute the enzyme. Centrifuge at 210 × g for 4 min.
-Aspirate off all of the supernatant and resuspend cells in 0.2 ml neural stem/progenitor cell proliferation medium by gently pipetting the cell pellet using the 200 μl tip, and then add the medium to 1 ml. Count the cell number using standard Trypan blue staining and hemocytometry.
Expansion of enteric neural stem/progenitor cells ( see Note 8 ).
Seed the dissociated single cells on the Matrigel-coated plate at the density of 2 × 10 4 cells/cm 2 and culture with the enteric neural stem/progenitor cell proliferation medium at 37 °C with 5 % CO 2 . Change medium every day. At 90-95 % confl uence (Fig. 2b ) , the cells can be dissociated into single cells and subculture again (1:3).
Neuronal differentiation of enteric neural stem/progenitor cells.
Seed the dissociated single cells on the Matrigel-coated plate or coverslips at the density of 2 × 10 4 cells/cm 2 and culture with enteric neuronal culture medium at 37 °C with 5 % CO 2 . Change medium every day. After 3-4 days in culture, the enteric neurons enriched with neurites will be observed under phase-contrast microscope (Fig. 2c ). Immunocytochemical staining using neuronal marker Tuj-1 (β-tubulin III) validate the successful culture of enteric neurons differentiated from enteric neural stem/progenitor cells (Fig. 2d ).
Notes
Smooth muscle/myenteric plexus layer is a thin out layer of
gut. It is very soft and easily damaged during the dissection. Agar plate is soft and will avoid damage to tissue during the dissection 2. There are a lot of enzymes in the gut, and the enteric neurons will be easily damaged. So every step of the dissection must be performed on ice. When dissected under the stereomicroscope, solution should be changed every 5 min to keep lower temperature.
3. The myenteric plexus lies between the circular and longitudinal muscle, so we fi rst peel off the mucosa and sub-mucosa layers to reduce the contamination from the contents in the lumen.
4.
The time of digestion with collagenase is very critical, and different for individual animals. We checked the digestion every 5 min. When the color of tissue begins to change into white, stop immediately.
5.
Smooth muscle/myenteric plexus layer contains a lot of smooth muscle cells. We fi rst used the collagenase to separate the myenteric plexus from two smooth muscle layers and then treated the myenteric plexus with trypsin. After digestion of the smooth muscle/myenteric plexus, the cell suspension is composed of several cell types including neurons, glia cells, smooth muscle cells, fi broblast, and neural stem/progenitor cells. During the culture, smooth muscle cells will die off and the neuron and glial cells will survive due to the culture conditions.
6. We tested different coating matrixes. A few neurons will attach on the poly-D -lysine coated plate. Better adherence can be reached with the poly-D -lysine/fi bronectin or poly-D -lysine/ laminin coating. However, double coating costs a lot and needs 1-2 days for the coating process. BD Matrigel™ matrix is a reconstituted basement membrane preparation from the Engelbreth-Holm-Swarm (EHS) mouse sarcoma. This material is comprised of approximately 60 % laminin, 30 % collagen IV, and 8 % entactin. We found that Matrigel-coated dishes or coverslips effi ciently support the attachment and growth of primary neurons, differentiating neurons and neural stem/ progenitor cells. The coating procedure takes less than 1 h.
7. The enteric neuron is a type of terminally differentiated cell. Direct culture of primary enteric neurons is often diffi cult to obtain large number of enteric neurons. In vitro culture of enteric neural stem/progenitor cells from embryonic, neonatal, and adult gut tissues has been established [ 16 -20 ] . Differentiation of cultured enteric neural stem/progenitor cells provides an easy approach to obtain a larger number of enteric neurons which are usually more pure.
8. The enteric neural stem/progenitor cells can be expanded through either monolayer or neurosphere culture. We prefer the monolayer culture because of its higher effi ciency of expansion, easy dissociation into single cells, and even exposure to nutrients.
